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This invention relates to a secondary oil recovery 
process in gas capped reservoirs. More particularly, this 
invention relates to a process for recovery of additional oil 
from an underground gas cap reservoir b, secondary recovery 
aeans wherein the invasion of the gas zone by oil or second- 
ary recovery fluid is decreased. 

Following the completion of one or more wells pierc- 
ing a subterranean reservoir, oil is normally recovered through 
these wells first by utilization of natural reservoir energy 
which may exist in several forms including gas and water 
drives. The methods of oil recovery which employ natural 
reservoir energy generally are referred to aa primary recov- 
ery. After primary recovery becomes uneconomical or the 
natural reservoir energy becomes substantially depleted, a 
substantial amount of oil remains in the reservoir. At this 
time, it is common practice to employ secondary recovery 
methods utilizing energy supplied from an external source to 
remove additional oil. The secondary recovery methods most 
widely used to date are those in which a fluid is introduced 
into the reservoir through one or more injection wells in order 
to displace the oil toward one or more production wells from 
which it may be recovered. Fluids which have been employed 
in this manner include water, brine, air, natural gas, carbon ' 
dioxide, petroleum gases and the like. 

in oil reservoirs which have differences in struc- 
tural elevation, gas accumulations frequently occur up- 
structure, i.e., in the upper portion of the structure. This 
gas has a higher flow capacity than the liquids present in the 
reservoir. Thus, when a secondary recovery or driving fluid 
is injected into the formation via an injection well in an 
attempt to sweep oil toward a production well, some of the oil 
or S ome of the driving f!uid, or both, may be forced up into 
the ws zone rather than being moved toward the production or 
recovery well. In the case of oil , ^ ^ ^ 
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foaming agent contacts and mixes with fonnation or injected 
gas under reservoir conditions. Illustrative of suitable 
foaming agents are various water-soluble surface-active agents, 
such as: 

A. N0NI0N1C 

I Products obtained by autc-condeiuatfc n of various 
fatty natter and their derivatives with ethylene 
oxide, propylene oxide, glycols, or glycerols: 

(a) a fatty acid plus ethylene oxide or glycerol." 
such as palmitic acid plus 5 moles ethylene 
oxide or glycerol monostearatej 

(b) an alcohol plus ethylene oxide, such as 
hydroabietyl alcohol plus 15 ethylene 
oxide; 

15 (C> " eSter or *"ehyie plus ethylene oxide* 

(d) an amide or amine plus ethylene oxide, such 
as diethanolamine plus 15 moles ethylene 
oxide. 

II Products obtained by condensation of phenolic com- 
pounds having lateral chains with ethylene or pro- 
pylene oxide. Examples are disecbutyl phenol plus 
10 moles ethylene oxide and octyl phenol plus 12 
moles ethylene oxide. 
B. CATIOM1C 

25 I Neutralization product of primary, secondary, or 

tertiary amine with an acid such as trimethyl octyl 
ammonium chloride, lauryl dimethyl benzyl ammonium 
chloride and the like, commonly referred to as 
quaternary ammonium chlorides. 

30 C. ANIONIC 

I Alkyl aryl sulfonates such as ammonium isopropyl 

benzene sulfonate; 

II Fatty alcohol sulfates such as sodiun, a-methyl-7- 
ethyl-<|-hendecyl sulfate; 
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III Sulfated and sulfonated amide, and amine, such as 
sodium N-methyl-N-oleyl taurate; 

IV Sulfated and sulfonated esters and ethers such as 
dioetyl sodium sulfo succinate; 

V Alkyl sulfonates such a. sodium dodecyl sulfonate. 
D. AMPHOLVTIC 

I Molecules where the molecule as a whole forms a 
zwitterion. such as cetylaminoacetic acid. 
A reference book which describes many type, of surfac- 
tants suitable as foaming . g ents is -Surface Active Agents and 
Detergents. - Volume, x , nd H. by Schwartz et al. Intersexes 
Publishers. 

Especially suitable foaming agent, are compound, of the formula 

WWg (A-COOX) n 

in which R is an aliphatic hydrocarbon group having 8 to 2a c „ bon 
atoms, A is a divalent hydrocarbon radical having 1 to 6 carbon 
atoms, x is a member selected from the group consisting of hydrogen 
alkali metal and amine. « i. an integer of 1 to 2. and m i. an 
integer of 0 to 1 and the .urn of « and n i. a. 

Another excellent foaming agent i. co.mpo.ed of 50 percent by 
weight ammonium salt of sulfated ethoxylated-n-decanol containing 
about 40 percent ethylene oxide based on the alcohol. 15 percent 
isopropanol and 35 parent water is described in Canadian Patent 
787.835. aacocks. orove. and Miller, issued June 18. 1968. and 
hereinafter referred to .. roamir* Agent A. Stm another pr ._ 
ferred foaming agent is th. condensation product of octyl phenol 
with 10 moles ethylene oxide. 

As stated previously, the foaming agent may be injected into the 
formation alone, with the water constituent of the foam coming from 
connate water or other water preset* 4n the formation. However, it 
is generally preferred to .rcpXoy an aqueous solution of the 
foaming agent which is of 
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lower viscosity and hence easier to inject than the concen- 
trated foaming agent. Also such a solution is more economical 
to use and gives adequate foaming. The concentration of the 
foaming agent in water may be as low as about 0.5 percent by ' 
5 weight. Generally, more than about 5.0 percent foaming agent 
is of little advantage, although more concentrated solutions 
are not harmful. Fresh water may be used, but it is generally- 
preferred to use a brine, such as brine previously removed 
from the formation being treaced or a synthetic brine, in 
10 order to decrease formation -iamage. 

The method of this invention may be better under- 
stood by reference to FIGURES 1 through 4 which illustrate 
schematically by means of vertical sections of a gas cap res- 
ervoir one embodiment of the present invention at the various 
15 stages of the operation. 

FIGURE l shows a typical gas cap reservoir having 
8 as cap 8 and oil zone 4 penetrated by wells 6 and b. Either 
or both of wells 6 and d have perforations 10 at the gas/oil 
interface 12. 

20 PIGUBE , pictures the reservoir after foaming agent 

solution 14 has been injected at gas/oil interface 12 to ton, 
a blanket between gas cap * a„d oil zone 4. This step can be 
carried out by setting bridge plug 16 below perforations 10 to 
isolate oil zone 4 and then pumping foaming agent solution 14 
25 through perforations 10 of well 6 or well 8. or both, until 
foaming agent solution 14 substantially covers oil/gas inter- 
face 12. Alternatively, foaming agent solution 14 may be 
injected into well 6 and well 8 produced to help move foaming 
agent solution 14 along g aa /oii lnterface „ toward ^ 8 
FIGURE 3 shows the reservoir during fomation of 
foam ban, 18 created by causing gas cap * to expand downwardly 
into foaming agent solut.on 14. This expansion can be caused 
by various methods such as injecting gas into gas cap 2 to 
create a pressure differential between ga, cap 2 and oil 
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zone 1 resulting in gas moving downwardly. Another procedure 
(not shown) is to block off perforations 10. remove bridge 
plug 16 and produce oil zone 4 of well 6, well 8, or both, to 
cause a pressure differential as above resulting in downward 
movement of gas or to inject a driving fluid into well 6, well 
B» or both to cause a pressure differential resulting in the 
movement of fluids from the oil zone up into the gas zone. At 
any rate, it is evident that a horizontally disposed flat plan- 
ar uniform pancake-shaped foam bank 18 can be created which 
extends along gas/oil interface 12 at all points where a pres- 
sure differential between the gas and oil phase causes the 
movement of fluids, it is not possible to create a foam bank 
of these characteristics by directing injection of less mobile 
foam formed outside the well or of a foaming agent followed 
by gas through the same entry point into the formation. 

FIGURE 4 shows the subsequent partially completed 
secondary recovery operation. After perforations 10 have been 
sealed off or isolated as by dropping the well tubing ao and 
packer 22 therebelow and removing bridge plug 16, driving 
fluid 2* is injected through well 6 into oil zone 4 to drive 
oil toward well b. Low mobility foam bank 16 effectively pre- 
vents either driving fluid 2* or the oil being displaced • 
toward well 8 from invading gas cap 2. Thus, the efficiency 
of the secondary recovery operation is greatly improved. 

The size of the various slugs of fluids used in this 
invention vary widely depending on the reservoir character- 
istics, and area covered by the gas/oil interface. Sufficient 
foaming agent must be introduced to create a foam of sufficient 
thickness to withstand a pressure differential of 50 to 200 
psi. generally about 100 psi, without appreciable movement. 
Approximately 0.0 5 pound roaming agent per cubic foot of rock 
is generally sufficient, in order to move sufficient gas into 
the foaming agent to create the foam, it is necessary that 
sufficient gas be injected into the gas sap or sufficient 
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fluids produced from or injected into the underlying oil or 
water zones to create a pressure differential between the two 
zones o£ at least-20 psi, and preferably no higher than 200 
psi. 

Examples 1 Throup;h, h 
A transparent plastic cylinder 2 inches in diameter 
and 16 inches long was parked with graded wet sand. Effective 
permeability was determined by flowing a 5 percent sodium 
chloride brine through the resulting synthetic core. The col- 
umn was reduced to irreducible water saturation by flowing oil 
therethrough and the permeability to oil at irreducible water 
saturation deteroineu using an oil injection pressure 10 psi 
with the other end of the column open to atmospheric pressure. 
The direction of now through the column was then re versed and 
a. volume (0.1 to T 0.05 hydrocarbon bore volumes) of foaminp 
agent solution comprising \ percent by volume Foaming Agent A 
in 5 percent sodium chloride brine injected followed by an 
injection of air for 5 minutes to move the foaming agent solu- 
tion into the column. The direction of flow was again reversed 
to assume the original direction, air injected at a pressure 
of 10 psi for 1.5 hour* to create a foam bank, the thicknesc 
of the foam bank measured, the permeability to oil again 
determined as above, and the percent reduction in oil flow 
rate calculated, m all tests, it was noted that the oil flow 
rate did not change during the 1.5-hour test period indicating 
the plugging action of the foam was of prolonged duration. 
The sharp reduction of oil flow rate in each test indicates 
the effectiveness of a foam bank in keeping a driving fluid, 
air in this instance, from entering a zone of relatively high 
permeability under a substantial pressure differential. 
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Sand (mesh size) 
Pore volume (cc) 
Oil 



40 to 60 
226 

No. 80 
pale oil 



40 to 60 40 to 60 70 



Oil viscosity (cps) 23 

39.3 



Effective perme- 
ability (darcys) 



Irreducible water 
saturation {% pore 
space) 



21.2 



224 

No. 80 
pale oil 

23 
35.4 

20,7 



226 iS6 
kerosene kerosene 



Oil flow rate at 
irreducible water 
saturation (cc/sec) 0.33 

Volume foaming 
agent solution 
(cc) 



20 



Thickness of foam 
bank (inches) 

Pinal oil flow 
rate (cc/sec) 

Percent reduction 
In oil flow rate 



0,36 

10 
4 



1.5 
40.0 

21.0 

2.20 

20 



1.5 
9.2 

3.b 

0.14 

3.5 



0. 55xl0~ a 7xl0~* 



2.7xKT* 0.13xHf* 
96.3 81.6 98.8 99^ 

" is apparent that many modifications and varia- 
tions of the invention hereinbefore set forth may be made 
without departing from the spirit and scope thereof. The 
examples given are by way of illustration only, and the inven- 
tion is limited only by the terms of the appended claims; 
r 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 

1. A secondary recovery process for use in a gas 
cap reservoir comprising the sequential consecutive steps of: 

(a) injecting a foaming agfent into the reservoir at a 
point near the gas/oil interface, 

(b) injecting a driving fluiu uito the oil zone to 
create a pressure differential in the reservoir 
whereby the pressure in the oil zone is greater than 
the pressure in the gas zone, thus causing the foam- 
ing agent to mix with the gas and form a foam, said 
driving fluid being injected prior to opening a 
production well, 

2. The method of claim 1 wherein the foaming agent 
is employed as an aqueous solution. 

3. A method of forming horizontally disposed flat 
planar pancake-shaped gas-in-water dispersions in a gas cap 
oil reservoir comprising sequentially; 

(a) injecting a foaming agent into the reservoir at a 
point near the gas/oil interface, 

(b) ceasing injection of said foaming agent, 

(c) producing oil from the oil zone thereby expanding 
the gaa cap and causing mixing of the gas into 
admixture with the foaming agent to form a gas-in- 
water dispersion prior to injection of a secondary 
recovery driving fluid, and 

(d) injecting a secondary recovery driving fluid. 

4. In an oil recovery process wherein a driving 
fluid is injected into a subterranean oil-bearing gas cap 
reservoir through an injection well to displace oil toward a 
production well, the improvement which comprises, preceding 
said injecting of driving fluid, sequentially injecting into 
the injection woll and henre into the reservoir at the point 
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near the gas/oil interface a foaming agent, ceasing the injec- 
tion of the foaming agent, expanding the gas cap to create a 
band of foam in the reservoir near the gas/oil interface by 
producing fluids down structure through a well completed in a 
liquid-producing zon selected from the class consisting of an 
oil zone and a water zone, and thereafter injecting a driving 
fluid into the oil-bearing zone while producing a production 
well. 

5. A secondary recovery process for use in a gas 
cap reservoir comprising the consecutive sequential steps of: 

(a) injecting a foaming agent into the reservoir at a 
point near the gas/oil interface, 

(b) creating a pressure differential in the reservoir 
whereby the pressure in the gas cap is greater than 
the pressure in the oil zone, said pressure differ- 
ential being created by producing fluids down 
structure through a well completed in a liquid- 
producing zone selected from the class consisting 

of an oil zone and a wat^r zone, causing the gas cap 
to expand and move into admixture with the foaming 
agent to form a foam bank and 

(c) thereafter injecting a driving fluid into the oil 
zone to displace oil therefrom. 

6. A method of forming horizontally disposed fiat 
planar pancake-shaped gas-in-water dispersion in a gas cap oil 
reservoir comprising sequentially: 

(a) injecting a foaming agent into the reservoir at a 
point near the gas/oil interface, and 

(b) mixing the gas into admixture with the foaming agent 
by injecting into the oil zone a secondary recovery 
fluid prior to opening a production well. 

7. In an oil recovery process wherein a driving 
fluid is injected into a subterranean oil-bearinp: gas cap 
reservoir through an injection well to displace oil toward a 
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production well, the Improvement which comprises, preceding 
said injecting of driving fluid, injecting into the injection 
well and hence into the reservoir at a point near the gas/oil 
interface an aqueous solution of a foaming agent, ceasing 
injection of the foaming agent, expanding the gas cap causing 
mixing of the gas into admixture with the foaming agent to * 
create a band of foam in the reservoir near the gas/oil inter- 
face and thereafter injecting a driving fluid into the oil- 
bearing zone. 

3. A secondary recovery process for use in a gas 
cap reservoir comprising the consecutive steps of: 

(a) injecting an aqueous solution of a foaming agent 
into the reservoir at a point near the gas/oil 
Interface, 

(b) creating a pressure differential in to the reservoir 
whereby the pressure in the gas rap is greater than 
the pressure in the oil zone causing mixing of the 
gas into admixture with the foaming agent to crease 
a foam bank, and 

(c) thereafter injecting a driving fluid into the oil 
zone to displace oil therefrom. 

9- A method of forming a horizontally disposed flat 
planar pancake-shaped gas-in-water dispersion in a gas cap oil 
reservoir comprising: 

(a) injecting a foaming agent into the reservoir at a 
point near the gas/oil interface, and 

(b) mixing the gas into admixture with the foaming agent 
by injecting gas into the gas cap. 

10. In an oil recovery process wherein a driving 
fluid is injected into a subterranean oil-bearing gas-cap 
reservoir through an injection well to displace oil toward a 
production well, the Improvement which comprises, preceding 
said injection of driving fluid, injecting into the injection 
well and hence into the reservoir at a point near the gas/oil 
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interface a foaming agent, expanding the gas cap by injecting 
gas into the gas cap through a well completed in the structure 
to create a band of foam in the reservoir near the gas/oil 
interface and injecting a driving fluid into the oil-bearing zone. 

11. A secondary recovery process for use in a gas cap 
reservoir comprising the consecutive steps of 3 

(a) injecting a foaming agent into the reservoir at a 
point near the gas/oil interface, 

(b) creating a pressure differential in the reservoir by 
injecting gas into the gas cap through a well completed 
in the structure whereby the pressure in the gas cap is 
greater than the pressure in the oil zone, and 

(c) injecting a driving fluid into the oil zone to displace 
oil therefrom. 

12. A secondary process for use in a gas cap reservoir 
comprising the sequential consecutive steps ofi 

(a) injecting a foaming agent into the reservoir at a point 
near the gas/oil interface; 

(b) creating a pressure differential in the reservoir so that 
the pressure in the oil zone is different from the pres- 
sure in the gas zone, thus causing the foaming agent 

to mix with the gas and form a foam*. 
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